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(57) ABSTRACT 

The invention relates to gyroscopes having a vibrating 
structure that is micromachined in a silicon substrate. A 
novel vibrating structure is described, Which has tWo mov 
ing masses 14 and 14', connected by a vibration energy 
coupling structure (transverse arms 26, 26', longitudinal 
arms 22, 22', and a short transverse link 24 betWeen the 
longitudinal links 22, 22'). The moving masses are also 
suspended from U-shaped ?exure arms (13), having one 
branch end connected to the mass and another end connected 
to a ?xed anchoring point 18. The ?eXure arms are not 
inserted betWeen the coupling structure and the mass, but are 
independent of the coupling structure. The masses are 
excited so as to vibrate in their plane by electrostatic forces 
applied by interdigitated combs 11. The Coriolis forces 
make them vibrate perpendicular to the plane, and this 
vibration is detected by electrodes forming part of the 
moving masses. 
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MICROMACHINED INERTIAL SENSOR FOR 
MEASURING ROTATIONAL MOVEMENTS 

[0001] The invention relates to inertial sensors intended 
for measuring angular velocities, or gyroscopes, and more 
precisely to gyroscopes that are micromachined using the 
technologies of etching, deposition, doping, etc., these being 
similar to those used in the ?eld of integrated electronic 
circuits. 

[0002] The use of micromachined inertial sensors has 
entered a continual groWth phase, especially in the ?elds of 
aeronautics, automobiles and robotics, and in yet other 
?elds, thanks to the fact that at the present time these 
microsensors combine their robustness With advantages 
associated With their extremely small siZe. To this should be 
added the fact that these microsensors can be fabricated 
collectively (the fabrication operations are carried out on 
entire Wafers comprising numerous sensors that are subse 
quently divided into individual sensors), Which makes the 
fabrication cost competitive With the prior devices. 

[0003] Such sensors, produced on silicon Wafers, are 
already knoWn, the fabrication comprising especially boron 
diffusion and dry anisotropic etching operations for de?ning 
precise dimensions of the elements of the structure. Overall, 
the structure is planar, lying in the plane of the silicon 
substrate in Which it is etched. 

[0004] The structure of a gyroscope thus produced typi 
cally comprises tWo moving masses that are excited in 
vibration and connected as a tuning fork, that is to say the 
tWo masses are connected to a central coupling structure that 
transfers the vibration energy from the ?rst mass to the 
second mass, and vice versa. 

[0005] The masses are excited into vibration in the plane 
of the structure by electrostatic forces applied by means of 
combs of interdigitated electrodes. This vibration in the 
plane of the structure is exerted perpendicular to an axis 
called the “sensitive axis” of the gyroscope, Which is an axis 
of symmetry of the tuning-fork structure. When the gyro 
scope rotates at a certain angular velocity about its sensitive 
axis, the composition of the force vibration together With the 
angular rotation vector generates, by the Coriolis effect, 
forces that set the moving masses into natural vibration 
perpendicular to the plane of the structure. 

[0006] The vibration perpendicular to the plane is detected 
capacitively by electrodes placed above the moving masses. 
The electrical signals that result therefrom are used to 
deduce from them a value of the angular velocity about the 
sensitive axis. 

[0007] In the prior art, relatively complex structures have 
been proposed. 

[0008] To obtain a gyroscope With sufficient sensitivity, 
that is to say With an ability to detect loW rotation velocities, 
it is necessary for the amplitude of the excited vibration in 
the plane of the moving masses to be large (compared With 
the dimensions of the ?exure arms that support them). 
HoWever, a high vibration amplitude generates substantial 
elastic forces and therefore substantial deformation potential 
energies. This has the immediate effect of causing nonlinear 
phenomena to appear in the dynamic deformation charac 
teristics of the structure. The mechanical resonance fre 
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quency of the system becomes highly dependent on the 
amplitude of the movement, a situation that is dif?cult to 
accept. 

[0009] The existing structures generally comprise a mov 
ing mass supported by ?exure arms clamped to the moving 
mass, each arm being, on the other side, itself supported 
(again clamped) in the coupling structure With the other 
moving mass. In such structures, it has also been sought to 
attenuate the ?exure arm deformation effects by establishing 
articulated links rather than clamped links betWeen the 
?exure arms and the moving mass or betWeen the ?exure 
arms and the inter-mass coupling structure. HoWever, these 
improvements loWer the quality of the mechanical coupling 
betWeen moving masses, degrading the Q of the mechanical 
resonance of the excited structure. In particular, this poor 
coupling results in an insuf?cient frequency difference (of 
the order of a feW tens of hertZ) betWeen the useful vibration 
modes (in phase opposition) of the masses, and the parasitic 
(in-phase) vibration modes of the same masses. 

[0010] Hybrid structures have also been proposed (US. 
Pat. No. 5,635,638) in Which the moving masses are sup 
ported by ?exure arms acting both as ?exure arms for 
supporting the moving mass and for de?ning (via their 
stiffness) the natural resonant frequency of the masses and 
also acting as a coupling structure for coupling With the 
other moving mass in order to promote the anti-phase 
movement of the tWo masses. HoWever, the draWback of 
these structures is the dif?cult design, oWing to the tWin roles 
of these hybrid arms. There is not suf?cient independence 
betWeen the tWo ?exible suspension functions (parallel and 
perpendicular to the plane of the masses) and the role of 
coupling mechanical energy betWeen the masses. As a result, 
there is a high risk of deformation of the structure during 
vibrations. Here again, there is a risk of nonlinear phenom 
ena, and it is particularly dif?cult to choose the ?exibility 
characteristics of the arms in order to achieve the desired 
performance criteria. 

[0011] It is an object of the invention to improve the 
behavior of the gyroscope Without degrading its perfor 
mance as regards sensitivity, nor its fabrication cost. 

[0012] For this purpose, the invention proposes to make 
the inter-mass vibration coupling structure as independent as 
possible from the ?exure arms that support the moving mass. 
In other Words, the ?exure arms are no longer inserted 
betWeen the coupling structure and the moving masses, or 
else the masses are no longer attached to the coupling 
structure by means of the ?exure arms that provide the 
elastic return of the vibrating masses (return both in the 
direction of in-plane vibration and in the direction of vibra 
tion perpendicular to the plane). 

[0013] Quite to the contrary, the coupling structure is 
connected directly to the moving masses via elements that 
do not ful?ll the essential function of ?exure arms, namely 
a ?exible support function for the moving mass (?exibility 
in the plane and perpendicular to the plane of the masses), 
these supports having a stiffness that de?nes, Without any 
appreciable effect on the presence of the coupling structure, 
the resonant frequency of the masses; the ?exure arms are 
also connected to the moving masses, but independently of 
the coupling structure. In order for the resonant frequency of 
the masses to be little affected by the presence of the 
coupling structure, provision is made for the stiffness of the 
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coupling structure (in the in-plane direction of excited 
vibration of the mass) to be very different from the stiffness 
of the ?exure arms (in practice, the stiffness of the coupling 
structure Will be much less than that of the ?exure arms). 

[0014] More precisely, the invention consequently pro 
poses a micromachine gyroscope having a plane moving 
structure anchored to a ?xed substrate, the moving structure 
being symmetrical about a ?rst axis, called the sensitive 
axis, lying in this plane, the structure comprising tWo 
moving masses that are attached to ?exure arms, the stiffness 
of Which de?nes the main resonant frequency of the masses, 
a structure for exciting the vibration of each mass in the 
plane of the structure, a structure for detecting a vibration of 
the masses transverse to the plane, and a mechanical cou 
pling structure for connecting the masses together, ensuring 
that mechanical vibration energy is transferred from one 
mass to the other, this gyroscope being characteriZed in that 
the ?exure arms connected to a moving mass are connected 
also to at least one ?xed anchoring point, the inter-mass 
coupling structure being connected directly to the moving 
masses independently of the ?exure arms and this coupling 
structure having a stiffness (in the direction of excitation of 
the vibration and in the direction of detection of a vibration) 
that is appreciably different from the stiffness of the ?exure 
arms so that the main resonant frequency of the masses 
depends only slightly on the stiffness of the coupling struc 
ture. 

[0015] Preferably, each moving mass is connected to the 
coupling structure at only tWo points that lie along an axis 
of symmetry of the moving mass parallel to the sensitive 
axis. 

[0016] Preferably, the ?exure arms are each folded in the 
form of a U, the end of one branch of the U being attached 
to the moving mass and the end of the other branch being 
connected to said ?xed anchoring point of the substrate. 

[0017] The con?guration of the assembly comprising the 
moving masses and the ?exure arms is preferably symmetri 
cal With respect to a second axis (the ?rst being the sensitive 
axis), parallel to the sensitive axis. It is also preferably 
symmetrical With respect to a third axis that is perpendicular 
to the sensitive axis. Each mass is then connected to four 
?exure arms in a con?guration that is symmetrical With 
respect to a center of gravity of the moving mass, at the 
intersection of the second and third axes. 

[0018] In a preferred con?guration, each moving mass is 
connected via its ?exure arms to a single respective anchor 
ing point of the ?xed substrate, located at this center of 
gravity or the center of symmetry of the moving mass. The 
?exure arms are located Within the perimeter of the mass. 

[0019] In another con?guration, the ?exure arms are 
anchored to the ?xed substrate not at a single point at the 
centre of the mass, but at tWo anchoring points or even four 
anchoring points, on either side of said mass. The ?exure 
arms are located outside the perimeter of the mass, near its 
center; the plate constituting the moving mass is cut at its 
center in order to make room for the anchoring point and the 
?exure arms. 

[0020] The structure for coupling the vibrating mechanical 
energy, Which connects the tWo moving masses, is prefer 
ably not anchored to the substrate. HoWever, in an alterna 
tive embodiment it may be so. 
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[0021] This coupling structure preferably comprises at 
least tWo longitudinal links extending on either side of the 
sensitive axis, parallel to the latter, betWeen the moving 
masses, at least one transverse link connecting betWeen 
them the tWo longitudinal links, and at least tWo transverse 
arms connecting each moving mass to a respective longitu 
dinal link, the latter tWo transverse arms being located on 
either side of the moving mass and connected to the mass at 
tWo opposed attachment points. The stiffness of the trans 
verse arms in the direction of the excited vibration of the 
masses is loW compared With the stiffness of the ?exure arms 
in the same direction. 

[0022] Other features and advantages of the invention Will 
become apparent on reading the detailed description that 
folloWs, given With reference to the appended draWings in 
Which: 

[0023] FIG. 1 shoWs a gyroscope structure of prior 
design; 
[0024] FIG. 2 shoWs a gyroscope structure according to 
the invention; 

[0025] FIG. 3 shoWs an alternative embodiment of the 
invention With an anchoring point for the coupling structure; 

[0026] FIG. 4 shoWs another alternative embodiment, in 
Which there is a particular link betWeen the tWo halves of the 
coupling structure; 

[0027] FIG. 5 shoWs an alternative embodiment in Which 
the ?exure arms are located around the moving masses and 
not Within the perimeter of the latter; and 

[0028] FIG. 6 shoWs an alternative embodiment With four 
anchoring points for four ?exure arms. 

[0029] FIG. 1 shoWs the general principle of a gyroscope 
that the present invention aims to improve upon. 

[0030] We Will not enter into all the details of fabricating 
a micromachined gyroscope, given that the fabrication prin 
ciples have been knoWn for several years and the invention 
is based on the design of the mechanical structure to be 
produced, and not in the manner of producing it. 

[0031] It Will be merely recalled that a gyroscope can be 
produced from a superposition of three micromachined 
substrates, Which may be three silicon substrates. The ?rst 
and third substrates serve as a cover for a closed chamber in 

Which a vacuum is preferably created, Whereas the second 
substrate, or intermediate substrate, is machined into the 
patterns that Will be described later, in order to produce a 
vibrating structure With moving masses and support arms 
having the desired mechanical properties. The ?rst substrate 
may also serve to inject, into the second substrate, electric 
currents for exciting the vibrating structure parallel to the 
plane of the substrates, Whereas the third substrate, thanks to 
electrodes placed opposite the moving masses of the inter 
mediate substrate, may act as supports for the circuits that 
detect the vibration of the moving masses perpendicular to 
the plane of the substrates. 

[0032] The ?rst and third substrates may therefore be 
produced using microelectronics techniques, involving dif 
fusion operations, operations of depositing metal layers, 
operations of etching these layers, and also possibly deep 
substrate etching operations, for the purpose of forming 
separating spaces betWeen the intermediate substrate and the 
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?rst or third substrate, in order to make room for movements 
of the structure machined in the intermediate substrate. The 
intermediate substrate itself is also produced by operations 
of this type, but in addition, given that its main function is 
mechanical, it is produced by deep etching operations for the 
purpose of cutting out a micromechanical structure With 
very ?ne features and With a very small thickness, the details 
of Which Will be entered into later on. 

[0033] Typically, the intermediate substrate is a silicon 
on-insulator (SOI) substrate With a thickness of a feW 
hundred microns, but this thickness Will be preserved only 
at points, called anchoring points, for anchoring the vibrat 
ing structure, and also around the periphery of the structure 
along a frame that surrounds the vacuum chamber contain 
ing the vibrating structure. These anchoring points or 
regions connect the intermediate substrate to the other tWo 
substrates and are therefore integral With the ?xed, nonvi 
brating, body of the gyroscope. The remainder of the inter 
mediate substrate has a much smaller thickness, for example 
around sixty microns, and constitutes the actual vibrating 
structure connected to the body via the anchoring points. 
The thin silicon structure is cut into the desired moving mass 
features, ?exure arms and coupling structures. 

[0034] Typically, the thinning of the structure may be 
accomplished using, as intermediate substrate, a silicon-on 
insulator substrate, but other methods are also possible. A 
silicon-on-insulator substrate consists of a silicon substrate 
having a thickness of a feW hundred microns, Which bears, 
on its front face, a thin layer of silicon oxide itself covered 
With a layer of single-crystal silicon a feW tens of microns 
in thickness. The thinning operation consists in etching the 
silicon of the substrate via its front face until the oxide layer 
is reached, using a selective etchant Which etches the silicon 
Without signi?cantly etching the oxide. The etching is 
stopped When the oxide layer is exposed. This oxide layer 
may itself be removed, beneath the silicon layer, via holes 
distributed around the surface, by selective etching using 
another etchant so as to preserve only the silicon surface 
layer. The oxide layer remains in the anchoring regions and 
forms a ?xed link betWeen the silicon surface layer and the 
thick substrate. 

[0035] It is therefore these surface patterns that Will noW 
be described With reference to FIGS. 1 to 6. They determine 
the mechanical properties of the gyroscope. 

[0036] FIG. 1 (a prior design) shoWs that the general 
arrangement of the plane vibrating structure is symmetrical 
With respect to a ?rst axis A1, Which is the sensitive axis of 
the gyroscope (the axis oriented in the direction Oy in the 
orthogonal reference frame of FIG. 1). The gyroscope 
delivers an electrical measurement of the angular rotation 
velocity of the structure about this sensitive axis A1. For 
example, if the gyroscope is set up in an aircraft so as to have 
its axis A1 along the longitudinal axis of the aircraft, the 
gyroscope Will measure aircraft roll rates. 

[0037] Since the vibrating plane structure is symmetrical, 
the same reference number but With a “prime” index, is used 
to the right of the axis A1 to denote an element that is 
symmetrical With an element in the left-hand portion. The 
explanation Will be given in general With regard to the 
left-hand portion and Will not be repeated With regard to the 
right-hand portion except When this is necessary. 
[0038] The plane structure comprises tWo moving masses 
that vibrate, denoted by 14, 14‘. Each mass is supported by 
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four ?exure arms 13 Which are also attached to transverse 
arms 15, 15‘ that connect the right-hand and left-hand 
symmetrical portions of the structure. 

[0039] In the outermost region of the structure, that is to 
say in that part furthest aWay from the sensitive axis A1, 
there is an interdigitated comb 11 serving to excite a 
vibration in the moving mass in the plane of the structure 
(along the direction Ox relative to the orthogonal reference 
frame indicated in the ?gure). The excitation comb 11 
comprises tWo facing half-combs, one supported by the 
moving mass and the other anchored by an anchoring base 
10 to the gyroscope body. The ?ngers of one of the half 
combs are electrodes that penetrate into the gaps betWeen 
the electrode-?ngers of the other half-comb. The application 
of AC voltages betWeen the half-combs, at a frequency close 
or equal to the mechanical resonance frequency of the 
structure, causes the moving mass to vibrate in the plane of 
the structure. 

[0040] The half-combs are shoWn schematically in all the 
?gures as if they Were juxtaposed, but it should be under 
stood that there is interpenetration as indicated in the circled 
detail shoWn in FIG. 1. 

[0041] Inside the vibrating structure, that is to say near the 
sensitive axis, another, optional, interdigitated comb 11a is 
provided With a half-comb supported by the moving mass 
and a half-comb anchored by an anchoring base 12 to the 
gyroscope body. This comb serves for detecting the vibra 
tion of the mass in the plane of the structure. Such detection 
is advantageous as it alloWs the frequency and the amplitude 
of excitation of the external comb 11 to be electronically 
controlled in order to adjust it to the mechanical resonance 
frequency of the structure. The amplitude of the vibration 
must be maximiZed in order to increase the sensitivity of the 
gyroscope, and this maximiZation assumes that the excita 
tion frequency is Well tuned to the mechanical resonance 
frequency. 
[0042] The ?exure arms 13 support the moving mass, 
permitting an in-plane excited vibration movement of rela 
tively large amplitude (a feW microns), hence their close 
ness. For example, they have a Width of 40 microns for a 
length of around one millimeter. They must also permit a 
vibration movement of the mass perpendicular to the plane 
since it is this movement that it is desired to detect. They act 
as return springs for these tWo movements and their stiffness 
must be sufficient to exert this return force. The ?exure arms 
may, from a mechanical standpoint, be regarded as ?exible 
beams anchored in the moving mass on one side, and in the 
transverse arms 15, 15‘ on the other (on either side of the 
moving mass). 
[0043] The transverse arms 15, 15‘ constitute the structure 
for mechanical coupling betWeen the tWo moving masses 
14, 14‘. They serve to transmit vibration energy from one 
mass to the other, in the same Way that one arm of a musical 

tuning fork, struck so as to set it in vibration, automatically 
causes, by coupling mechanical energy through the base of 
the tuning fork, the other branch to vibrate. This coupling is 
useful for making the tWo moving masses vibrate in phase, 
knoWing that it is dif?cult to precisely synchroniZe these 
phases by the purely electrical means that the excitation 
combs constitute. 

[0044] The coupling structure shoWn in FIG. 1 therefore 
comprises tWo groups of transverse arms that pass through 
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the entire structure perpendicular to the sensitive axis, on 
each side of the moving mass. 

[0045] Throughout the following text, the term “trans 
verse” Will be used to denote orientations perpendicular to 
the sensitive axis (in the plane of the structure) and the term 
“longitudinal” Will be used for orientations parallel to the 
sensitive axis. 

[0046] Given that the vibrating plane structure cannot 
“?oat” relative to the gyroscope body, it has to be anchored 
at points that disturb neither the vibration of the masses nor 
the transmission of mechanical energy betWeen the masses. 
This is Why, near the sensitive axis, the coupling structure is 
supported by torsion bars 17, 17‘ fastened to anchoring bases 
16. These torsion bars permit the transverse arms 15 to rotate 
about the sensitive axis, Without preventing transverse trans 
mission of the mechanical energy betWeen the vibrating 
masses. 

[0047] To complete the description of the gyroscope 
shoWn in FIG. 1, it should be pointed out that the moving 
masses preferably carry electrodes (not shoWn) Which face 
corresponding electrodes on the ?rst substrate and/or the 
third substrate of the gyroscope. The out-of-plane vibration 
of the masses oWing to the effect of the Coriolis forces (OZ 
direction, that has to be taken as perpendicular to the plane 
of the paper, in the reference frame shoWn in FIG. 1) is 
detected capacitively by these electrodes. Moreover, provi 
sion may be made for this purpose for there to be, on the one 
hand, actual detection electrodes and, on the other hand, 
feedback electrodes via Which the vibration movement gen 
erated by the Coriolis forces is servocontrolled, the gyro 
scopic measurement then being determined by measuring 
the servocontrol signals that are needed to oppose the 
movement of the masses. 

[0048] The gyroscope structure thus described has draW 
backs oWing to nonlinear phenomena that the present inven 
tion aims to minimiZe. 

[0049] FIG. 2 shoWs, in a preferred embodiment, the 
principle of the invention. In this ?gure, and in the folloWing 
?gures, the elements that correspond functionally to those of 
FIG. 1 are denoted by the same reference numbers. 

[0050] Instead of the moving masses 14 being suspended 
from ?exure arms that are themselves attached to the inter 
mass coupling structure, independence is established 
betWeen the ?exure arms 13 and the coupling structure, 
denoted here by 20, namely the ?exure arms 13 are attached 
to the moving mass on one side, and to a ?xed anchoring 
base on the other; the coupling structure is attached directly 
to the moving mass Without passing via the ?exure arms. 
The coupling structure does not constitute by itself ?exure 
arms for supporting the moving mass With a stiffness 
designed to give a chosen main resonant frequency. 

[0051] In the case of FIG. 2, the coupling structure 20 is 
not fastened, either directly or indirectly, to an anchoring 
base, Whereas in FIG. 1 it Was fastened, indirectly via the 
torsion arms 17, to the anchoring bases 16. 

[0052] Moreover, the ?exure arms 13 each preferably have 
a folded shape in the form of a U. One of the branches of the 
U is fastened, at its end, to the anchoring base, the other 
branch being fastened, at its end, to the moving mass 14. The 
branches are oriented longitudinally, that is to say parallel to 
the sensitive axis. 
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[0053] There are four ?exure arms 13 for each moving 
mass. The combination of the moving mass and of the four 
?exure arms is preferably formed symmetrically With 
respect to a second axis A2, Which is parallel to the sensitive 
axis A1. In practice, a combination of the moving mass and 
the four ?exure arms is also symmetrical With respect to a 
third axis A3, perpendicular to the sensitive axis A1. 

[0054] The anchoring base, denoted by 18 in FIG. 2, is 
then preferably common to the four ?exure arms and it is 
located at the center of gravity of the moving mass, Which 
is itself located at the intersection of the axes of symmetry 
A2 and A3. 

[0055] While the thinned silicon Wafer is being etched, a 
space is therefore reserved at the center of the moving mass 
in order to cut out the four U-shaped ?exure arms thereat, the 
actual moving mass surrounding these four arms and the 
anchoring base 18. 

[0056] Here again, the link betWeen the ?exure arms and 
the moving mass, or betWeen the ?exure arms and the 
anchoring point, is of the “clamped beam” type. 

[0057] The use of folded arms as ?exure arms helps to 
overcome the effects of nonlinearities, thanks to the very 
great mechanical ?exibility speci?c to this shape, both in the 
plane and perpendicular to the plane. These arms alloW any 
intrinsic stresses in the constituent materials to be relaxed. 

[0058] The inter-mass coupling.-structure shoWn in FIG. 
2 has essentially the shape of a H With tWo longitudinal links 
22, 22‘, a transverse link 24 betWeen the longitudinal links, 
and elements for attaching the masses to the end of the 
longitudinal links, the attachment elements being denoted by 
26, 28 in the case of the ?rst mass and 26‘, 28‘ in the case 
of the second. 

[0059] More precisely, the longitudinal links 22, 22‘ 
extend along the sensitive axis, in the immediate vicinity of 
the latter, over the entire length of the moving masses. A 
short transverse link 24 connects them together. This link is 
preferably along the transverse axis of symmetry A3. All the 
mechanical vibration energy of the masses passes through 
this transverse link 24, Which acts as the base of a tuning 
fork, but this base is not anchored to the gyroscope body. 

[0060] At the end of the longitudinal link 22, on either side 
of the moving mass, that is to say on either side of the 
transverse axis of symmetry A3, there are the elements for 
attaching the mass. These elements comprise, above the 
mass 14 and beloW it, a transverse arm 26 on each side of 
the mass, and a short longitudinal arm 28 for attachment 
betWeen the mass and the transverse arm 26. The short 
longitudinal arms 28 preferably lie along the second longi 
tudinal axis of symmetry A2. HoWever, the moving mass 
could if necessary be attached at tWo points on each trans 
verse arm 26 via tWo short longitudinal arms 28 symmetrical 
With respect to the axis A2. 

[0061] The longitudinal arms 22 can ?ex along the Ox 
direction and they ?ex in the OZ direction perpendicular to 
the plane. Their stiffness in these directions is substantially 
less than the stiffness of the ?exure arms 13 in the same 
directions, so that the main resonant frequency of the 
vibrating masses is determined almost exclusively by the 
stiffness of the ?exure arms 13 and very little by the stiffness 
of the arms 22. When added to the fact that the coupling 
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structure is attached to each mass along the axis of symmetry 
A2 of the mass, this means that any distortion of the 
structure during the vibration is limited. The main resonant 
frequency is the natural vibration frequency of the mass, as 
close as possible to Which frequency a vibration of the mass 
along the Ox axis Will be electrostatically excited. 

[0062] Of course, the attachment elements 26‘, 28‘ for the 
other moving mass to the end of the longitudinal links 22‘ are 
strictly symmetrical With the elements 26, 28. 
[0063] FIG. 3 shoWs an alternative embodiment of the 
invention, in Which the coupling structure 20 is fastened to 
an anchoring base, and in practice to tWo anchoring bases 30 
and 30‘ that are symmetrical With respect to the sensitive 
axis. The anchoring bases have the advantage of making it 
easier for the moving masses to undergo a vertical transla 
tional movement, eliminating any partial rotation effect due 
to the fact that the masses move in phase opposition With 
respect to the plane of the ?gure, that is to say that one rises 
above the plane of the ?gure While the other one falls. This 
phase opposition is in fact generated by the fact that the 
masses are excited in phase by the interdigitated combs 11, 
11‘ (that is to say one of the masses is draWn to the right 
While the other is draWn to the left, since the combs exert 
simultaneously an attractive force each on its side) . Fur 
thermore, this phase opposition of the vibration of the 
masses perpendicular to the plane is desirable since it alloWs 
detection to be made directly in differential mode, eliminat 
ing any common mode effects that Would be caused if the 
masses Were to move simultaneously on one and the same 
side of the plane of the structure. 

[0064] HoWever, it Will be noted that the anchoring bases 
have a draWback in that some of the mechanical vibration 
energy from a mass is transmitted to (and consequently lost 
in) the anchoring base instead of being transmitted to the 
other mass. 

[0065] Preferably, the anchoring bases 30 and 30‘ lie along 
the transverse axis of symmetryA3 and are located at points 
remote from the sensitive axis; these points are preferably 
aWay from the excitation combs 11, 11‘. To do this, the 
coupling structure is formed as in FIG. 2, but the transverse 
arms 26 extend beyond the longitudinal arms 28 and encircle 
the moving masses via an additional longitudinal link 32 (32‘ 
in the case of the other moving mass), Which runs along the 
moving mass on the opposite side from the sensitive axis. 
The coupling structure, symmetrical With respect to the 
sensitive axis, therefore completely frames each moving 
mass and the link betWeen the tWo symmetrical portions of 
this structure is made, as in FIG. 2, by a short transverse link 
24 betWeen the longitudinal links 22 and 22‘. 

[0066] The anchoring point 30, 30‘ is located at the middle 
of the additional longitudinal link 32, 32‘. 
[0067] The link via arms 28, betWeen the arms 26 and the 
moving mass, is located on the longitudinal axis of symme 
try of the mass. The stiffness of the arms 22 and 32 of the 
coupling structure is loW compared With the stiffness of the 
?exure arms 13 that support the mass, so that the main 
resonant frequency of the mass is determined much more by 
the stiffness of the arms 13 than the stiffness of the coupling 
structure, thus avoiding any distortion. Here again, it Will be 
recalled that the main resonant frequency is the natural 
vibrational frequency of the mass, as close as possible to 
Which frequency an arti?cial vibration is generated electro 
statically. 
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[0068] FIG. 4 shoWs an alternative embodiment of the 
linkage betWeen the tWo symmetrical portions of the cou 
pling structure. There are tWo short links 24 and 25 instead 
of a single one, these being close together, betWeen the 
symmetrical portions. These links are symmetrical With 
respect to the transverse axis A2 if the remainder of the 
vibrating structure is symmetrical With respect to this axis. 
The distance betWeen these short links is chosen in order for 
the control of the mechanical resonance frequency of the 
?lter to be optimiZed. 

[0069] This particular arrangement may be used indepen 
dently of the fact that the coupling structure may or may not 
be anchored to bases 30. 

[0070] FIG. 5 shoWs another alternative embodiment of 
the ?exure arms 13. As in the other ?gures, the ?exure arms 
are located betWeen the moving masses and an anchoring 
base, and not betWeen the moving masses and the coupling 
structure 20. 

[0071] The difference is that these ?exure arms are not 
located Within the perimeter of the moving mass, but to the 
outside, and more particularly in this case on either side of 
the transverse axis of symmetry A3. There is then an 
anchoring base 18 for the tWo arms 13 that are located above 
the axis A3 and one anchoring base 19 for the tWo arms 
located beloW this axis. The anchoring bases lie outside the 
perimeter of the mass. 

[0072] The coupling structure is attached to the moving 
mass no longer along a longitudinal axis of symmetry, such 
as the axis A2 of the preceding ?gures, because the anchor 
ing base 18 or 19 prevents them from being fastened at this 
point, but laterally, alongside the point Where the ?exure arm 
is fastened to the moving mass. 

[0073] In the example of FIG. 5, provision is made for the 
coupling structure to be fastened by a longitudinal arm 29, 
Which runs along one branch of a U-shaped ?exure arm, on 
one side of said branch (in this case, on the side closest to 
the sensitive axis). 

[0074] Provision could also be made for the coupling 
structure to be fastened to one side of the moving mass not 
by a single arm 29 attached to a transverse arm 26, but by 
tWo arms 29 extending from a transverse arm 26 Which is 
extended toWard the outside; the tWo arms 29 Would then 
?ank the group of tWo ?exure arms that is attached to the 
anchoring base 18 (or 19) and Would be attached to the mass 
on either side of these ?exure arms. 

[0075] This alternative embodiment is compatible With the 
arrangement shoWn in FIG. 3 (shoWing anchoring bases for 
the coupling structure); in this case, the transverse arms 26 
Would extend as far as the outside of the structure and 
longitudinal arms 32 Would then connect them to the anchor 
ing base 30. It is also compatible With the arrangement 
shoWn in FIG. 4 (a double link 24, 25 betWeen the tWo 
symmetrical portions of the coupling structure). 

[0076] Finally, FIG. 6 shoWs an alternative embodiment 
the inspiration of Which is FIG. 5 (?exure arm 13 to the 
outside of the moving mass and not at the center thereof). 
For alloWing connection betWeen the moving mass and a 
transverse arm 26 of the coupling structure via a single 
longitudinal arm 29 passing, hoWever, through the center of 
gravity of the moving mass, the anchoring base 18 is divided 
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into tWo separate bases by a space; the same applies to the 
base 19. The arms 29 can then pass betWeen these tWo bases. 
Here again, this alternative embodiment is compatible With 
the embodiments shoWn in FIGS. 3 and 4. It is more 
advantageous than that shoWn in FIG. 5 because the cou 
pling structure is coupled to the mass along the longitudinal 
axis of symmetry of said structure (the axis A2 in FIG. 2). 

[0077] Thus, various embodiments have been described 
that are based on the principle of the invention. In each of 
its embodiments, it may be seen that there is no longer a 
requirement for the torsion arms 17 that Would be necessary 
in an embodiment such as that shoWn in FIG. 1. The 
movements of the moving masses (Which are movements 
detected capacitively by facing electrodes on one moving 
mass and on a ?xed substrate) are movements that are 
practically purely translational and are not composed of a 
rotational movement and a translational movement. The 
electrical servocontrol mechanisms are correspondingly 
easier When such a servocontrol is provided. 

[0078] Finally, these structures are consequently very suit 
able for maintaining the closest possible spacing over the 
entire surface of the moving mass, betWeen the electrode of 
this mass and the facing electrode on a ?xed substrate of the 
gyroscope. 

1. A micromachined gyroscope having a plane moving 
structure anchored to a ?xed substrate, the moving structure 
being symmetrical about a ?rst axis, lying in this plane 
comprising: 

tWo moving masses that are attached to ?exure arms, the 
stiffness of Which de?nes the main resonant frequency 
of the masses; 

a structure for exciting the vibration of each mass in the 
plane of the structure; 

a structure for detecting a vibration of the masses trans 
verse to the plane; and 

a mechanical coupling structure for connecting the masses 
together, ensuring that mechanical vibration energy is 
transferred from one mass to the other; 

Wherein the ?exure arms connected to a moving mass are 
connected also to a ?xed anchoring point, the inter 
mass coupling structure being connected directly to the 
moving masses independently of the ?exure arms and 
this coupling structure having a stiffness that is appre 
ciably different from the stiffness of the ?exure arms so 
that the main resonant frequency of the masses depends 
only slightly on the stiffness of the coupling structure. 

2. The gyroscope as claimed in claim 1, Wherein the 
coupling structure is attached to the moving mass at only 
tWo points that lie along an axis of longitudinal symmetry of 
the moving mass parallel to the sensitive axis. 

3. The gyroscope as claimed in claim 1, Wherein the 
?exure arms are each folded in the form of a U, the end of 
one branch of the U being attached to the moving mass and 
the end of the other branch being connected to said ?xed 
anchoring point. 

4. The gyroscope as claimed in claim 1, Wherein said 
gyroscope includes tWo interdigitated excitation combs for 
setting each mass into vibration in the plane by electrostatic 
forces, and tWo interdigitated detection combs for detecting 
and monitoring this vibration. 

Dec. 16, 2004 

5. The gyroscope as claimed in claim 1, Wherein the 
?exure arms are placed symmetrically With respect to a 
second axis Which is parallel to the sensitive axis and 
constitutes an axis of symmetry of the moving mass. 

6. The micromachined gyroscope as claimed in claim 5, 
Wherein each mass is connected to four U-shaped ?exure 
arms, a combination of the mass and of the four ?exure arms 
having a symmetrical con?guration With respect to a third 
axis perpendicular to the ?rst axis. 

7. The gyroscope as claimed in claim 6, Wherein each 
moving mass is connected via its ?exure arms to a respective 
anchoring point located at a center of symmetry of the 
moving mass, at the intersection of the second and third 
axes. 

8. The gyroscope as claimed in claim 6, Wherein each 
mass is connected via tWo ?exure arms to a ?rst anchoring 
point and via tWo other ?exure arms to a second anchoring 
point symmetrical With the ?rst With respect to the third axis, 
the tWo anchoring points being located on either side of the 
moving mass. 

9. The gyroscope as claimed in claim 6, Wherein each 
moving mass is connected via four ?exure arms to four 
anchoring points arranged in a symmetrical con?guration 
With respect to a center of gravity of the moving mass. 

10. The gyroscope as claimed in claim 1 Wherein the 
coupling structure connecting the tWo moving masses has at 
least tWo longitudinal links extending on either side of the 
sensitive axis, parallel to the latter, betWeen the moving 
masses, at least one transverse link connecting the tWo 
longitudinal links, and at least tWo transverse arms connect 
ing each moving mass to a respective longitudinal link, the 
latter tWo transverse arms being located on either side of the 
moving mass and being connected to the moving mass. 

11. The gyroscope as claimed in claim 10, Wherein the 
transverse link connecting the tWo longitudinal links is 
placed along an axis of symmetry, perpendicular to the 
sensitive axis, of the moving masses. 

12. The gyroscope as claimed in claim 10, Wherein the 
coupling structure comprises another transverse link con 
necting the tWo longitudinal links, the tWo transverse links 
being separated from each other and being placed symmetri 
cally With respect to an axis of symmetry, perpendicular to 
the ?rst axis, of the moving masses. 

13. The gyroscope as claimed in claim 10, Wherein the 
coupling structure includes, for each moving mass, tWo 
longitudinal arms parallel to the ?rst axis, Which arms are 
located on either side of the moving mass and connect a 
respective transverse arm to the moving mass. 

14. The gyroscope as claimed in claim 13, Wherein the 
tWo longitudinal arms are connected to the moving mass on 
either side of the latter at tWo points located on an axis of 
symmetry of the moving mass, parallel to the ?rst axis. 

15. The gyroscope as claimed in claim 10, Wherein the 
coupling structure is connected to at least one additional 
respective anchoring point associated With each moving 
mass, this anchoring point being located on the other side of 
the moving mass relative to the ?rst axis, the transverse arms 
(26) being connected to this anchoring point via other 
respective longitudinal links. 

16. The gyroscope as claimed in claim 9, each moving 
mass is connected via four ?exure arms to four anchoring 
points arranged in a symmetrical con?guration With respect 
to a center of gravity of the moving mass Wherein the 
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longitudinal arms each pass between tWo respective anchor 
ing points taken from the four anchoring points. 

17. The gyroscope as claimed in claim 2, Wherein the 
?exure arms are each folded in the form of a U, the end of 
one branch of the U being attached to the moving mass and 
the end of the other branch being connected to said ?xed 
anchoring point. 

18. The gyroscope as claimed in claim 2, Wherein said 
gyroscope includes tWo interdigitated excitation combs for 
setting each mass into vibration in the plane by electrostatic 
forces, and tWo interdigitated detection combs for detecting 
and monitoring this vibration. 

19. The gyroscope as claimed in claim 3, Wherein said 
gyroscope includes tWo interdigitated excitation combs for 
setting each mass into vibration in the plane by electrostatic 
forces, and tWo interdigitated detection combs for detecting 
and monitoring this vibration. 

20. The gyroscope as claimed in claim 2, Wherein the 
?exure arms are placed symmetrically With respect to a 
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second axis Which is parallel to the sensitive axis and 
constitutes an axis of symmetry of the moving mass. 

21. The gyroscope as claimed in claim 3, Wherein the 
?exure arms are placed symmetrically With respect to a 
second axis Which is parallel to the sensitive axis and 
constitutes an axis of symmetry of the moving mass. 

22. The gyroscope as claimed in claim 4, Wherein the 
?exure arms are placed symmetrically With respect to a 
second axis Which is parallel to the sensitive axis and 
constitutes an axis of symmetry of the moving mass. 

23. The gyroscope as claimed in claim 11, Wherein the 
coupling structure comprises another transverse link con 
necting the tWo longitudinal links, the tWo transverse links 
being separated from each other and being placed symmetri 
cally With respect to an axis of symmetry, perpendicular to 
the sensitive axis, of the moving masses. 


